Objective: To evaluate how the most currently used anti-diabetic drugs (pioglitazone & metformin) can secondarily affect diabetic alveolar bone. Materials and methods: 70 adult male rats (170-200 g) were obtained. Diabetes was induced in 60 animals by intraperitoneal administration of nicotinamide (NA) (270 mg/kg) 15 min before IV administration of STZ (65 mg/kg). The rats were divided into four groups: Control; Group (I): composed of 10 rats without diabetes. Experimental groups; Group (II) composed of 20 diabetic rats. Group (III): 20 diabetic rats received pioglitazone (4 mg/kg/day). Group (IV): composed of 20 diabetic rats received metformin (250 mg/kg/day). By the end of the experimental period (4 weeks), all rats were sacrificed. The mandibles specimens were processed for histological examination and immunostained by Osteoprotogrin for immunohistomorphometry. Results: The histological results in (group IV) revealed minimal osteoporotic features of alveolar bone in relation to (group III) that showed an obvious deterioration of the alveolar bone. Immunohistochemical results showed mild to strong stained areas in group (IV) and negative immune-stain for all regions except for few areas appeared with very mild stain in group (III). Statistical analysis revealed that no significant difference between group I and group IV. Moreover, the difference between group IV and groups II and III was significant. Conclusion: Our result stands as a source of data regarding the in vivo superior influence of anti-diabetic drug Metformin versus Thiazolidinedione (Pioglitazone) on diabetic alveolar bone health by its inhibitory effect on diabetic bone loss.
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Introduction:-
Diabetes mellitus (DM) is a highly prevalent global disease associated with long-term micro-vascular and macrovascular complications. The prevalence of diabetes mellitus in general population is continuously increasing and it has been estimated that the number of diabetic patients will reach 592 million worldwide by the end of 2035.
(Viviana et al., 2017)
Osteoporosis also is a major public concern. The association between diabetes and bone health has been a matter of debate for a long time. Skeletal affection in diabetes was first discussed 80 years ago. Now, considerable volume of data is available, that indicate that metabolic and endocrine alterations beside micro-angiopathy accompanying diabetes can negatively affect skeletal bone quantity and/or quality that can be named "diabetic osteopathy". (Adami, 2009) "Diabetic osteopathy" includes osteopenia, osteoporosis and an increased incidence of low-stress fractures. A broad animal studies suggested that diabetic bone may be more fragile than non-diabetic. An increased risk of fracture has been associated with both diabetes Type I and Type 2 (Silvano, 2009). Osteoporosis, and related fractures, is a clinically significant and commonly underestimated problem in diabetes patients. (Leidig-Bruckner et al., 2014) Patients with osteoporosis are almost under primary care of physicians for management of other medical conditions in addition to their osteoporosis. It seems that it is mandatory to be aware of how the prescribed medications may adversely affect the skeleton and increase the risk of fractures.
Two classes of oral hypoglycemic drugs are used for diabetes treatment to directly improve insulin action as their primary effect: Biguanides (metformin) and thiazolidinediones (rosiglitazone and pioglitazone). Thiazolidinediones have been introduced in the treatment of diabetes type 2 (T2DM) since the late 1990s. Both rosiglitazone and pioglitazone gained widespread use. However, in 2010, due to increased risk of cardiovascular events associated with its use, the European Medicines Agency recommended suspension of rosiglitazone use and the Food and Drug Administration (FDA) severely restricted its use. (Consoli & Formoso, 2013) Thus, pioglitazone is the only thiazolidinedione still significantly used for treating T2DM and it is the only molecule of this class still listed in the American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) 2012 Position Statement. Meanwhile, according to the (ADA) and (EASD), metformin (in the absence of contraindications) is considered the first choice for oral treatment of T2DM. (Nathan, 2006 ; Inzucchi, 2015) Thiazolidinediones (TZDs) are insulin-sensitizing drugs that are agonists of peroxisome proliferator-activated receptor gamma (PRARɣ), a nuclear transcription factor that is expressed in bone marrow stromal cells, osteoblasts and osteoclasts. They increase insulin sensitivity by acting on adipose, muscle, and liver to increase glucose utilization and decrease glucose production (Hauner, 2002) . They are excellent therapeutic approach for treating T2DM, but their prolonged use promote some adverse effects, such as fluid retention and weight gain (Bosi, 2007) . Clinical evidence suggests that these drugs can cause bone loss and increase fracture risk. Metformin, a widely accepted first line agent in diabetes treatment, stands out not only for its antihyperglycemic properties but also for its beneficial effects in improvement of endothelial dysfunction, hemostasis and oxidative stress, insulin resistance, lipid profiles, and fat redistribution. These properties have contributed to the decrease of adverse cardiovascular outcomes. There is increasing evidence from in vivo and in vitro studies supporting its antiproliferative role in cancer and possibly a neuroprotective effect. Metformin's negligible risk of hypoglycemia in monotherapy and few drug interactions of clinical relevance give this drug a high safety profile. (Rojas & Gomes,2013) Metformin increases insulin sensitivity in T2DM patients. It acts by decreasing hepatic glucose production and increasing glucose uptake in muscle. It likely improves glucose metabolism via the activation of AMP-activated protein kinase (AMPK), which results in the suppression of fatty acid synthesis, the stimulation of fatty acid oxidation in the liver, an increase in muscle glucose uptake. (Madsen, 2015) 810 Osteoprotegerin (OPG) is a member of the tumor necrosis factor (TNF) receptor family which plays a key role in the physiological regulation of osteoclastic bone resorption. It is a glycoprotien, produced by osteoblasts and marrow stromal cells (Kostenuik & Shalhoub, 2001 ). It is a soluble decoy receptor for receptor activator of nuclear factorkappaB ligand (RANKL), osteoclast differentiation factor, which inhibits both differentiation and function of osteoclasts. In vivo studies have demonstrated that OPG deletion results in enhanced remodeling of bone and osteoporosis, whereas OPG overexpression leads to osteopetrosis in mice. (Udagawa et al., 2000) Several epidemiological studies have investigated the effects of antihyperglycaemic drugs on the fracture risk in diabetes and incident hip fractures. (Nicodemus & Folsom, 2001 ; Vestergaard et al.,2005) In this context it is important to evaluate how the most currently used anti-diabetic drugs mainly (pioglitazone & metformin) can secondarily affect the health of diabetic alveolar bone. 
Induction of diabetes in rats:-
Diabetes was induced in 60 overnight fasted animals by intraperitoneal administration of nicotinamide (NA) (270 mg/kg) 15 min before IV administration of Streptozotocin (STZ) (65 mg/kg). STZ was dissolved in 0.1 M citrate buffer (pH 4.5) and nicotinamide was dissolved in physiological saline (Kim et al.,2014) . Peripheral blood was harvested from vena caudalis 72 hr post-injection to assess blood glucose (BG) level, rats with BG more than 300 mg/dL indicated the successful induction of diabetes and were used in this study.
Groups design:-
The rats were divided into four groups; Group I (control group); composed of 10 normal rats. Experimental groups; Group (II) (Diabetic group): composed of 20 diabetic rats that didn't receive any treatment. Group (III): 20 diabetic rats that received pioglitazone (4mg/kg/day) suspended in distilled water in a dose volume of 5 ml/kg given orally by gastric tube (a dose equal to the maximum recommended human oral dose of 45 mg/day) for 4 weeks ( 
Sample collection:-
At the end of the experimental period (4 weeks), rats' scarification was done by slaughter. The heads were immediately dissected to obtain the mandibular molar area. The specimens were decalcified then processed and stained by routine haematoxylin & eosin for examining bone micro-architecture and immunostained by Osteoprotogrin marker to evaluate the bone cellular activity by histomorphometry.
Evaluation of OPG immunostaining by image analysis (immunohistomorphometry):-
The number of positively reacting immunostaining of OPG was counted. Counting was based on the area with the highest percentage of positive cells; each stained cell was regarded as positive regardless of the staining intensity. The sites expressing a positive immune reaction with the OPG monoclonal antibody are identified by brown deposits of the chromogen. The stronger the immune reaction was the darker the chromogen intensity. The study proposal was approved by the Research Ethics Committee (REC), Faculty of Dental Medicine for Girls, Al-Azhar University.
Results:-
Histological results:-
The control group (group I) showed normal alveolar bone structure; average normal thickness of bone trabeculae lined by osteoblasts and containing average normal number, size and arrangement of osteocytes. The bone trabeculae appeared with multiple resting and few reversal lines. Variable sized cellular bone marrow spaces were also seen ( fig. 1A ).
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The untreated diabetic group (group II) showed some structural alterations; where the bone trabeculae appeared thin with intervening wide fatty marrow spaces. The bone trabeculae lacked the osteoblast lining in many areas with minimal resting lines and multiple reversal lines, the osteocytes appeared few in number with areas seemed to lack their presence. The wide fatty bone marrow spaces showed multiple inflammatory cells. (fig. 1B) Pioglitazone treatment group (group III) showed an obvious deterioration of the alveolar bone; where the trabeculae appeared very thin and loosing most of its osteoblastic lining. Osteocytes were irregularly arranged and showed eccentric nuclei with large sized osteocytic lacunae. Wide areas of intervening fibrous marrow spaces containing multiple inflammatory cells were seen between the trabeculae. (fig.1C) . Metformin treatment group (group IV) recorded minimal tissue alterations where thick bone trabeculae appeared with intervening average normal sized marrow spaces. The osteoblasts lined most of the bone trabeculae and the osteocytes showed also average normal number with irregular arrangement. (fig. 1D ).
3.2.Immunohistological results:-
The control group (I): showed mild to strong immune-staining with OPG ,where the stained areas were mostly seen in the peripheries of the bone trabeculae surrounding the marrow spaces (osteoblast linning) and also were scattered through the trabeculae ( some osteocytes)( fig.2A) . Group (II): minimal to negative immune-staining was seen in this group, the stained areas were confined to few areas scattered through the bone trabeculae (few osteocytes). There was an absence of the immune-stain at the peripheries of the trabeculae (osteoblastic linnig). (fig.2B ) Group (III): The specimens of this group showed negative immune-stain for all regions except for very mild stain that could be seen at few peripheral areas of the thin bone trabeculae. (fig 2C) . Group (IV): The bone trabeculae of this group showed mild to stong stained areas, most of the stained areas were scattered through trabeculae (osteocytes) and few were seen at their peripheries(osteoblasts)(fig2D)
Immunohistomorphometrical results: (Image analysis and Statistical results):-
Analysis of data was performed using SPSS 17 (Statistical Package for Scientific Studies) for Windows. The mean area percent of immunoexpression was expressed in the form of mean, standard deviation (SD). Data were explored for normality using Kolmogorov-Smirnov test of normality. The results of Kolmogorov-Smirnov test indicated that most of data were normally distributed (parametric data), therefore one-way analysis of variance (ANOVA) test was done. This was followed by Tukey's post hoc test since a significant difference was detected.
-Results were expressed in the form p-values that were differentiated into: * Non-significant when p-value > 0.05 * Significant when p-value ≤ 0.05
The greatest mean value was recorded in group I, followed by group IV, then group II. The lowest value was recorded in group III. One way analysis of variance (ANOVA) test revealed that the difference between the control and experimental groups at 4 weeks was significantly different (P<0.0001). Tukey's post hoc test revealed no significant difference between group I and group IV. Moreover, the difference between group IV and groups II&III was significant (Table 1) 
Discussion:-
Bone health is an important consideration in diabetes. Diabetes complications and osteoporotic fractures are two of the most important causes of morbidity and mortality in older patients, and they share many features, including genetic susceptibility, molecular mechanisms, and environmental factors. The linkage between these two chronic diseases creates a possibility that certain anti-diabetic therapies may affect bone function. The treatment of Type 2 diabetes mellitus (T2DM) has been improved in the past two decades with the development of new therapeutic drugs (Vianna et al., 2017) . The impact of diabetes and two of mostly used anti-diabetic medications on alveolar bone health was estimated in the present study.
The experimental model of STZ-NA-induced diabetes was used in this study as it has some similarities with T2DM in humans with reduced B-cell mass as well as metabolic defects in the insulin-secreting cells. Therefore, this diabetic model provides an advantageous tool for pharmacological investigations of new insulinotropic agents in humans. (Szkudelski et al., 2013) It was demonstrated that administration of 60 mg of STZ and 90 mg of nicotiamide (NA) per kg body weight induced relatively mild diabetes after four to six weeks after diabetes induction. Furthermore, the used dosage of nicotiamide 270 mg/kg, given intraperitoneally 15 min before STZ administration (65 mg/kg i.v.) yields animals with moderate and stable non-fasting hyperglycemia and 40% preservation of pancreatic insulin stores as it partially protects against STZ-induced β-cell necrosis. (Masillo et al., 1998; Szkudelski, 2012) Bone quality is normally preserved by the process of bone remodeling; that comprises continuous resorption and formation of bone to substitute old tissue with new tissue. Equilibrium between osteoclast-dependent bone resorption and bone formation (which relies on osteoblast activity), is essential for the maintenance of bone mass (Schwartz, 2017) . These features were clearly seen in the specimens of control group (I) of our study, through the presence of multiple resting lines; denoting bone formation and reversal lines; denoting bone resorption. (fig.1 A) .
Some of the proteins involved in the interaction between osteoblasts and osteoclasts have been identified. Receptor activator of nuclear factor-kappaB ligand (RANKL) is produced by osteoblasts and exerts its effects through binding to its receptor (RANK) on osteoclast precursor cells. Binding results in activation of osteoclasts. Osteoblasts also 814 produce osteoprotegerin (OPG), a potent inhibitor of osteoclast formation and a decoy receptor for RANK. The relative ratio of OPG and RANKL in the bone may determine the number of active osteoclasts, bone resorption rate, and bone mass (Coetzee & Kruger, 2004) . So, OPG was used in the present study as marker for degree of bone resorption inhibition.
In the present study, the diabetic group (II) when compared to control group (I), showed osteoporotic features reflected histologically by reduction in trabecular bone thickness and loss of normal bone architecture (fig.1B) . These findings were reported and explained by many studies; studies of bone density in patients with Type 1 diabetes mellitus (T1DM) and those with T2DM have been reported to have a higher incidence of fracture (Qing et al., 2007) . Other studies stated that T2DM compromises bone microarchitecture by inducing abnormal bone cell function and matrix structure with increased osteoblast apoptosis, diminished osteoblast differentiation, and enhanced osteoclast-mediated bone resorption. These alterations result in attenuated remodeling process where circulating levels of biochemical markers of bone formation and resorption are decreased (Rubin, 2015) . This was in commitment with our immunohistochemical and statistical findings; seen in the decreased OPG immunostainabilty of the specimens( fig.2B) , and the lower mean value recorded in group II than group I with statistical significant decrease in OPG stainability. (table 1) Hyperglycemia is a major contributing factor in the low bone turn over that occurs in diabetes; bone formation as well as bone resorption is inhibited by hyperglycemia through modulation of the osteoblast/osteoclast phenotype and function. It is speculated that low turnover of bone in diabetes lead to decreased bone quality (Dobnig et al., 2006) . Furthermore, the Glucose-dependent insulinotropic peptide (GIP) receptors present on osteoblasts, osteocytes, and chondrocytes and are responsible for collagen type I expression and alkaline phosphatase activity, is known to be down regulated in DM because of the persistent elevations in (GIP). Thus, contribute to low bone quality and higher fracture rates (Zong et al., 2007) . The low bone turnover, in this study, was confirmed in group (II) by the reduction in both resting and reversal lines. In the present study, Pioglitazone treated group (III) showed deterioration of the alveolar bone seen histologically as thin wiry bone trabeculae, with the loss of most of their osteoblastic lining. The trabeculae were widely separated by large fibrous marrow spaces. Increased lacunar size of osteocytes observed in ( fig 1C) was similarly seen by Lane et al. (2006) ,who stated that the osteocyte-lacunar size would increase in glucocorticoid induced osteoporosis, their study observed changes in elastic modulus surrounding osteocyte lacunae, reduced mineral to matrix ratios in the same areas and an increase in lacunar size. This finding suggests that osteoporosis may alter the metabolism and function of the osteocyte and is not just inducing its death.
The explanation for the TZD-induced bone loss is demonstrated mainly by the mechanism of peroxisome proliferator-activated receptor-gamma (PPARγ). TZDs increase insulin sensitivity through the activation of PPARγ. Activation leads to the permanent conversion of osteoblastic cells to adipocytes and, additionally, suppresses the particular genetic expression of osteoblasts and their phenotype. The suppression in osteoblastic expression in our study was confirmed in pioglitazone treated group (III) by the OPG immunostaining and their statistical results, as the specimens appeared minimally or even negatively stained ( fig 2C) , and it showed the least mean value of OPG immunostainabilty among all the groups. This concept was supported by in vitro and in vivo studies that suggested that PPARγ2 is a positive regulator of adipocyte differentiation and acts as a dominant-negative regulator of osteoblast differentiation with greater support for osteoclastogenesis. (Ali et al., 2005) Metformin is a widely used anti diabetic drug that improves glucose metabolism via the activation of AMP-activated protein kinase (AMPK), the exact effect of AMPK on bone metabolism is not yet understood. Some reports suggest that AMPK modulates bone cell differentiation and function. (McCarthy, 2016) .
In the present study the positive effect of metformin on alveolar bone was clearly noticed and confirmed by the histological findings as the trabeculae restored their average normal thickness and continuation, with clear 815 osteoblastic lining and the osteocytes appeared with proper arrangement and shape ( fig 1D) . Beside these findings our immunohistochemical and statistical results also supported the metformin osteogenic effect by the increase in the OPG stainability ( fig. 2D ), where group IV showed a statistically significant increase in the OPG stainability when compared with group II and group III.
Our findings were in accordance with studies that have reported direct osteogenic effect of anti-diabetic drug metformin on osteoblast-like cells in culture (McCarthy, 2016) . Others provided an evidence that metformin been shown to enhance osteoblasts differentiation and inhibit osteoclast differentiation in vitro and has a direct inhibition effect on bone loss in OVX rats (Gao et al., 2010) . But were against other studies that indicated that metformin has no effect on bone mass in vivo or fracture healing in rodents. (Jeyabalan et al., 2013) The mechanisms through which metformin regulates bone metabolism are not fully known. Results from in vitro and animal studies have shown that metformin has a positive effect on osteoblast differentiation by activating the osteoblast-specific Runx2 (runt-related transcription factor 2) transcription factor via the AMPK/USF-1/SHP regulatory cascade. Metformin also has an adverse effect on osteoclast differentiation by decreasing the proosteoclastic cytokine receptor activator of nuclear factor κB ligand (RANKL) and increasing osteoprotegerin levels. 
Conclusion:-
Beside its well-known anti hyperglycemic effect, Metformin showed a positive osteogenic effect on osteoporotic diabetic alveolar bone versus Thiazolidinedione (pioglitazone) that increased diabetic alveolar bone deterioration on the other side.
Recommendations:-
Anticipated beneficial effect of metformin on other diabetic oral tissues needs to be evaluated by future studies.
